Introduction
Seeds of certain plants are rich in triacylglycerols containing very long chain («-9)-(Z )-m onounsaturated fatty acids, such as gadoleic (2 0 : 1 ), erucic (22:1), and nervonic (24:1) acids, which are o f in te r est as renew able raw m aterials for the oleochem ical industry [1] , L ittle is know n so far about the subcellular localization and o th e r characteristics of the elongase(s) catalyzing the synthesis of very long chain m o n o u n satu rated fatty acids in higher plants.
C om positional changes in lipids of seeds during the course of m atu ratio n and the p attern o f rad io labeling o f lipids in developing seeds have show n for rap e, Brassica napus [2] , cram be, Crambe abyssinica [3, 4] , m u stard , Sinapis alba [5, 6 ] , n astu rtiu m , Tropaeolum m ajus [7] , and honesty, L unaria annua [8 ] th at very long chain m o n o u n satu rated fatty acids are fo rm ed by sequential elongations of oleic acid, very likely by the condensations of oleoyl-C oA with m alonyl-C oA . Such elongation reactions have also been o bserved in cell-free hom ogenates from devel oping seeds of jo jo b a , Sim m ondsia chinensis [9] and in subcellular fractions from developing seeds of brow n m u stard , Brassica juncea [10] , W e have shown recently th at subcellular fractions from developing seeds of S. alba, L. annua, and T. m ajus, and especially the 15,000 Xg particu late fractions, are highly active in the synthesis o f very long chain (n -9 )-(Z )-m o n o u n satu rated fatty acids by co ndensation of exogenous oleoyl-C oA or of en d o g enous acyl-CoA thioesters w ith m alonyl-C oA [11] , It ap p e ared from these studies th at very long chain (n -9 )-(Z )-m o n o u n satu rated fatty acids are sy n th e sized from oleoyl-C oA in a m an n er sim ilar to th at by w hich very long chain sa tu ra te d fatty acids are syn thesized from stearoyl-C oA , i.e. by condensation w ith m alonyl-C oA , as observed in leek (A lliu m porrum ) epiderm al cell m icrosom es [12] [13] [14] [15] [16] .
H ere we rep o rt som e p ro p erties of the elongase(s) in 15 ,0 0 0 x g particulate fractions from developing seeds of S. alba, L . annua, and T. majus. Solubiliza tion o f the m em b ran e-b o u n d elongases catalyzing th e synthesis of very long chain m o n o u n satu rated fatty acids in higher plants is rep o rted fo r the first tim e. [11] , The effects of cofactors on th e elongase reaction w ere investigated by omission o f th e corresponding cofactor(s) from the incubation m edium . T he effects of d etergents w ere studied by adding solutions of T riton X-100 or octyl thioglucoside at various concentrations to the incubation m edium .
M aterials and M ethods

Chemicals
Solubilization experim ents
In several experim ents the 15,000 x g particulate fractions o btained from 50 cotyledon pairs of S. alba (fresh seeds) o r 50 cotyledon pairs of L. annua (frozen seeds) w ere suspended in 750 |il of a solution containing 50 mM H E P E S , pH 7 .0 ,1 0 mM ß-m ercaptoe th a n o l, and 20% , w/v glycerol. A liquots, 250 |il each , of this suspension w ere shaken, as described e a rlie r [11] , for various periods at 4 °C with 250 [xl, each , o f eith er 0 .3 % , w/v of T riton X-100 or 30 mM octyl thioglucoside. In control experim ents, the sus pensions w ere shaken un d er identical conditions but w ith o u t detergents. In each case, the suspensions (to ta l fraction) w ere assayed for elongase activity in the incubation m edium as described above. A lte rn a tively, th e suspensions w ere centrifuged at 150,000 x g for 1.5 h and the resulting su p e rn a tan t (solubilized fraction) assayed for elongase activity in the in cu b a tion m edium .
A nalytical procedures
M ethods described in previous com m unications w ere used to saponify th e lipids co ntained in th e in cub atio n m ix tu re, isolate the fatty acids and convert them to m ethyl esters, and analyze the m ethyl esters by radio gas ch ro m ato g rap h y [6 , 1 1 ], P ro tein co n ten t was d eterm in ed according to M arkw ell et al. [17] . R adioactivity in lipid sam ples w as m easu red in a Packard T ri-C arb C2425 liquid scintillation sp e ctro m e ter using to lu en e scintillator (P ack ard In stru m en ts C om pany L td ., D ow ners G ro v e, 111., U .S .A .).
R esu lts and D iscu ssio n
E arlie r ex p erim en ts have revealed th a t, in subcellular fractions from developing seeds of S. alba, L . annua, and T. majus, oleoyl-C oA is elongated by m alonyl-C oA to form gadoleoyl-C oA , erucoyl-C oA , and n erv o n o y l-C o A ; m o reo v er, condensation of m alonyl-C oA w ith exogenous oleoyl-C oA and e n d ogenous acyl-C oA thioesters has b een found to o ccur [11] , A s an extension of these studies, T able I show s the tim e course of fo rm atio n of very long chain (n -9 )-(Z )-m o n o u n satu rated fatty acids (as acyl-C o A an d /o r acyl m oieties of lipids) from radioactive oleoyl-C oA o r m alonyl-C oA by th e 1 5 ,000x g p a r ticulate fractions from the above seeds.
T h e p articu late fraction from S. alba synthesizes very long chain (ft-9 )-(Z )-m o n o u n satu rated fatty acids at a higher rate from [2-14C ]m alonyl-C oA than from [ l -14C ]oleoyl-C oA ; p red o m in an tly erucic acid is fo rm ed from [2-14C ]m alonyl-C oA , irrespective of w h eth er o r n ot u n lab eled oleoyl-C oA is added to the incubation m ix tu re (Table I) .
T he p articu late fraction from L . annua synthesizes little gadoleic acid, but com paratively larger p ro p o r tions of erucic an d nervonic acids from [2-14C]m alonyl-C oA in co n ju n ctio n with exogenous oleoyl-C oA (T able I).
In the p articu late fraction from T. m ajus the ex ten t of form ation o f very long chain («-9)-(Z )-m onou n sa tu ra te d fatty acids from [2-14C ]m alonyl-C oA is less co m p ared to th e p articulate fractions from S. alba o r L . annua (T ab le I).
E ffects of co facto rs on the elongation by co n d en sa tion o f [ l-14C ]oleoyl-C oA with m alonyl-C oA by the p articu late fractions are shown in T able II. It is evi- T he fact th a t N A D P H is the p referred reductant fo r the form ation of erucic acid, w hereas the total elo n g atio n , which includes the in term ediate fo rm a tion of gadoleic acid, is sim ilar w ith eith er N A D H or N A D P H (T able II), supports the idea of the exist ence of m ore than one elongase system s having dif feren t cofactor req u irem en t. Sim ilar findings have also been rep o rted for p articulate fractions from B. juncea seeds [10] . In this context it is of interest to note th a t evidence has accum ulated lately on the existence in plant tissues of sep arate elongases th at catalyze the fo rm atio n of very long chain satu rated fatty acids by successive condensations of stearoyl-C o A , and its elongation products, w ith m alonyl-C oA [12, 14, 18] .
T he effect of d eterg en ts on the elongation by co n densation of [ l -14C ]oleoyl-C oA w ith m alonyl-C oA was exam ined in the 15,000x g p articu late fractions from 5. alba seeds w ith a view to solubilizing these m em b ran e-b o u n d elongases. T he results, given in T able III, show th a t T rito n X-100 at low co n c en tra tions (0.05% , w/v) stim ulates the total elongation by strongly increasing th e ex ten t of form ation of erucic acid. A t a higher co n cen tratio n (0 .1 5 % , w/v), the total elongation rem ain s alm ost unaffected, how ever, th e elongation to erucic acid is greatly im paired w ith a concom itant increase in th e form ation of gadoleic acid. T hese findings again su p p o rt the exist ence of separate elongases. The elongase system catalyzing the fo rm atio n of erucic acid seem s to be stim ulated at low co n cen tratio n s (0 .0 5 % , w/v) of T ri ton X-100 and in h ib ited at higher con cen tratio n s (0.15% , w/v) of this d eterg en t, w hereas at the higher co n cen tratio n the elongase system catalyzing the fo r m ation of gadoleic acid does not seem to be affected. It cannot be ruled o u t th o u g h , th a t the effects o b served are due to differential substrate availability in the presence of d eterg en t. F u rth er increase in the concen tratio n of T riton X-100 to 0 .3 % , w/v, how ever, results in a sh arp decline in total elongation. T he d ata given in T ab le III also show th at octyl Table III It is evident from these results th a t after 2 2 h of tre a tm e n t of the particulate fraction from S. alba w ith e ith e r T riton X-100 or octyl thioglucoside, considerable elongase activity is found in the solubilized fraction, as com pared to the co n tro l experim ent. T re atm en t of the particulate fraction from L . annua seeds for 3.5 h w ith either T rito n X-100 o r octyl thioglucoside also yields sol ubilized fractions having substantial elongase activity co m p ared to the controls (T able IV ). T he pellet re sulting after tre a tm e n t of the 15,000 x g particulate fraction from L . annua seeds w ith T riton X-100 ex h ib ited about 18% elongase activity as com pared to th e solubilized fraction (d ata not show n). F o r the particulate fractions from both S. alba and L. a n n u a , the solubilized fractions obtain ed using T rito n X-100 exhibit higher elongase activity than those p rep ared using octyl thioglucoside (T able IV ). T hese findings agree with the d ata on inhibition by th e two d eterg en ts, as given in T able III.
T he d ata p resen ted in T able IV d em o n strate , to o u r know ledge for the first tim e, the solubilization of m em b ran e-b o u n d elongase(s) catalyzing th e sy n th e sis of very long chain (« -9 )-(Z )-m o n o u n satu rated fat ty acids in higher plants. A lth o u g h such elongase(s) have n ot been ch aracterized so far, it is quite likely th a t, sim ilar to o th e r organism s, the elongase com plex catalyzing th e condensation reaction is com posed of ß-ketoacyl-C oA synthase, ß-ketoacyl-C oA reductase, ß-hydroxyacyl-C oA d eh y d ratase, and enoyl-C oA red u ctase. It is quite obvious from the results given in T able IV th a t th e en tire elongase com plex has b een solubilized.
It is also striking from the d ata p resen ted in T able IV th at th e solubilized fraction from L. annua syn thesizes only gadoleic acid, although th e co rresp o n d ing controls as well as the total fractions synthesize substantial p ro p o rtio n s of erucic and nervonic acids in addition to gadoleic acid. In this context it is of interest to no te th at the elongase solubilized from A . porru m ep iderm al cell m icrosom es specifically catalyzes th e co ndensation o f stearo y l-C o A with m alonyl-C oA to yield arachidoyl-C oA [12, 16] .
A lthough the n atu re of th e 15,000 x g particulate fractions used in these studies and the subcellular Table IV localization o f elongase activity are not clear at the m o m en t, the analogy w ith the 2 0 ,0 0 0 x g particulate fraction from safflow er cotyledons, which exhibits strong activity of ac y l-C o A : l-acyl-sn-glycerol-3-p h o sp h a te acyltransferase [19] deserves fu rth er studies on ch aracterization of such fractions from developing seeds.
